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ABSTRACT 
A  cloned  nontumorigenic  control  cell  line  of  C3H  mouse  embryo  cells 
(C3H/10T1/2CL8)  and  two cell  lines derived  from it by treatment  in vitro with 
7,12-dimethylbenz(a)anthracene  (DMBA)  or  3-methylcholanthrene  (MCA)  were 
studied by scanning electron microscopy. Confluent control cells were polygonal in 
shape and extensively flattened with smooth surfaces.  Both in vitro transformants 
were pleomorphic to fusiform in shape, thicker than the control cells,  and lacked 
contact  inhibition.  MicroviUi  of variable  length  and  small  marginal  ruffles  were 
characteristic  surface  alterations  of the  MCA-transformed  cells,  while  blebs  and 
numerous cytoplasmic strands extending between cells were typical of the DMBA 
transformant.  Inoculation  of the  DMBA-transformed  cells  into  C3H  mice  and 
re-establishment  of cells  from  one  of the  subsequent  fibrosarcomas  in  culture 
revealed  an  increased  number  of microvilli  on  the  surface  of the  cells  and  an 
alteration  in growth pattern.  Other surface characteristics  remained  the same.  A 
possible relationship  between surface topography and outer membrane glycolipids 
is discussed. 
Alterations of the surface membrane of cells may 
be  a  crucial  change  associated  with  malignancy 
(17).  Previous  studies  have  indicated  that  mem- 
brane  glycoproteins (25),  glycolipids (8,  15,  19), 
and lectin-binding sites (3, 7,  18) are altered after 
in  vitro chemical or viral transformation  of cells. 
Furthermore,  many  of the  transformed  cells  are 
capable  of growth in  soft agar,  are insensitive to 
contact inhibition  of growth, and are tumorigenic 
in  the  appropriate  host.  Porter  et  al.  have  em- 
ployed the high-resolution capabilities of scanning 
electron microscopy (SEM) to study cell topogra- 
phy  in  virally  and  spontaneously  derived  trans- 
formants of BALB/3T3 cells  (31).  All the trans- 
formants  possessed  a  morphology different  from 
that  of the  parent  cell  line,  with  increased  num- 
bers  of surface  structures  in  the  form  of micro- 
villi, blebs, and ruffles observed in the transformed 
cells.  However, only a limited number of viral and 
spontaneous  transformants  have  been  investi- 
gated for changes in surface morphology, and no 
previous  studies  have  employed  SEM  to  study 
the  surface  morphology  of  in  vitro  chemically 
transformed cells. 
Chemical transformation  of cells  in culture has 
been achieved in several laboratories (16), and it is 
now  possible  to  study  the  effect  of  chemical 
transformation  on  membrane  characteristics  and 
cell  topography.  Reznikoff et  al.  (33,  34)  estab- 
lished  a  cloned  line  of C3H  mouse embryo cells 
which are sensitive  to post confluence inhibition of 
division,  have  a  low  spontaneous  transformation 
frequency, and  are  malignantly transformable  by 
several  carcinogenic  chemicals.  Thus,  this  cell 
system has the potential of being used as an in vitro 
carcinogenicity  assay  based  on  the  altered  mor- 
phology  and  loss  of  contact  sensitivity  of  the 
transformed cells (4, 20).  In the present study, the 
scanning electron microscope was used to charac- 
terize  in  detail  the surface topography in  control 
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Properties of the Control and Transformed Mouse Embryo Cell Lines 
Saturation 
Total  density 
passages  Plating  Doubling  (cells/100-ram  Tumor 
Cell lines  in culture*  efficiency  time  dish ￿  10 -6)  production 
%  h 
C3H/10TI/2CL8  32  16  19.2  3.4  -- 
DMBA-TCLI  33 (6)  42  19.2  11.6  +~ 
MCA-TCLI5  35 (10)  42  23.5  16.7  +w 
DM BA-tumor  35 (8)  29  26.4  6.3  NDU 
* The control cell line, C3H/IOTI/2CL8, is  12 passages from cloning.  The number in parentheses indicates the 
number of passages since isolation of the transformed foci. 
Reference 20. 
w  Reference 34. 
If Not determined. 
mouse  embryo  cells,  two  tumorigenic  chemical 
transformants, and cells from one of the resultant 
tumors when readapted to culture. 
MATERIALS  AND  METHODS 
The cloned control mouse embryo cells and the trans- 
formants derived from them were grown in Petri dishes in 
Eagle's  basal  medium  plus  10%  heat-inactivated fetal 
calf  serum  (both  from  Grand  Island  Biological  Co., 
Grand  Island, N.Y.)  in humidified incubators at  37~ 
with an atmosphere of 5% COs in air without antibiotics 
or fungizone.  Mycoplasma tests conducted by the PPLO 
(pleuropneumonia-like  organisms)  Testing  Service  of 
Microbiological Associates (Bethesda, Md.) were nega- 
tive. The C3H/10T1/2CL8 cell line and the tumorigenic 
MCA-TCL15  cell line were supplied  by Dr. C. Heidel- 
berger (33, 34). 
The transformation assay was carried out by seeding 
500 C3H/IOTI/2CL8 cells in 5 ml medium into 60-mm 
Petri dishes (20). 24 h after seeding,  7,12-dimethylbenz- 
(a)anthracene (DMBA) ~ dissolved  in dimethyisulfoxide 
was  added  to  a  final  concentration of  1 ,g/ml.  The 
duration  of exposure was 24 h, and thereafter the me- 
dium was changed once weekly for 6 wk when either the 
dishes  were  fixed  and  stained  with  Giemsa's (20)  or 
transformed  foci  were  isolated  by  the  ring  isolation 
technique (32). Control cultures were treated in the same 
manner, except that only dimethylsulfoxide was added. 
One of the transformants isolated (DMBA-TCLI) pro- 
tAbbreviations  used in  this paper." DMBA,  7,12-di- 
methylbenz(a)anthracene:  C3H/10TI/2CL8,  cloned 
nontumorigenic  control  cell  line  derived  from  C3H 
mouse embryo; DMBA-TCL1, cloned tumorigenic cell 
line derived from C3H/IOTI/2CL8 by in vitro treatment 
with  DMBA;  MCA,  3-methylcholanthrene;  MCA- 
TCLI5,  cloned  tumorigenic  cell  line  derived  from 
C3H/IOTI/2CL8 by in vitro treatment with MCA. 
duced a tumor within  6 wk in each of three C3H mice 
after  subcutaneous inoculation  of  1.5  ￿  106  cells  per 
animal (20). The DMBA tumor cell line was established 
by readapting cells from one of the resultant tumors to 
culture.  Stock cell lines were maintained in liquid nitro- 
gen and used within five passages of thawing. 
For  studies  of exponentially  growing  cultures  and 
confluent cultures,  1,000 cells  or 500,000 cells,  respec- 
tively,  in  10  ml medium were  seeded in  100-ram Petri 
dishes.  In both cases, the medium was changed on day 3 
and day 6 and the cells were fixed for SEM observation 
on day 8.  The procedures for determining plating effi- 
ciency and growth rate of the cells have been previously 
described (19). Saturation  densities were  measured by 
counting the number of cells in the confluent cultures on 
day 8. 
Cell cultures for scanning electron microscopy were 
fixed in 2.5% glutaraldehyde in 0.1  M phosphate buffer 
at  pH  7.3  for  I  h.  Postfixation for  1 h  in  1%  buffered 
osmium tetroxide was followed by dehydration in etha- 
nol. Cells were then passed through mixtures of absolute 
ethanol and Freon 113 to absolute Freon, and were dried 
by the critical-point method (2) with  Freon  13. The dry 
specimens were  lightly  coated  with  evaporated carbon 
and  gold  and  mounted on  stubs with  silver  paint.  An 
ETEC Autoscan operating at 20 kV was used. 
OBSERVATIONS 
Characteristics  of the  cell  lines  pertinent  to  the 
current investigation are presented in Table I. The 
total  passages in  culture  for all  the cell lines are 
similar and therefore should not be a  factor in the 
comparison of these cells. The transformants had a 
higher plating efficiency and  an  equal  or slightly 
slower generation time than the C3H/10TI/2CL8 
cell line. The saturation densities and tumorigenic- 
ity  of  the  cell  lines,  two  important  criteria  for 
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I.  The  saturation  densities  of  the  DMBA  and 
3-methylcholanthrene (MCA) transformants were, 
respectively,  three  and  five  times  that  of  the 
C3 H/|0TI/2CL8  cell line. 
Grossly, the  C3H/10T1/2CL8  cultures appear 
as  uniform  thin  layers (Fig.  1 a).  The  DMBA- 
treated cultures develop foci (Fig.  1 b) varying in 
size and morphology. Fig. 2 illustrates the edge of 
one colony. While a dense mat of ceils forms the 
center  of the  colony,  cells  toward  the  edge  are 
more spindle shaped and grow in cordlike arrange- 
ments  which  appear  to  invade  the  surrounding 
nontransformed, contact-inhibited cells. The trans- 
formed  cells  produced  fibrosarcomas  (Fig.  3) 
in  vivo, while the C3H/10TI/2CL8  cell line was 
not  tumorigenic  (Table  I).  When  the  cells from 
one  of these  DMBA  tumors  were  readapted  to 
culture,  they grew  to  a  lower  saturation density 
than  the  original transformant.  These  cells tend 
to  grow  on  other cells rather  than  the  substrate 
and  do  not  cover  the  surface  of the  Petri  dish, 
even when  cultured for several weeks. 
C3H/IOTI/2CL8 Cells 
Fig.  4  depicts  a  confluent  population  of 
C3H/10Tt/2CL8  cells. These ceils are extremely 
thin  and  polygonal with  smooth  surfaces.  Occa- 
sionally, a  few  marginal ruffles and small micro- 
villi are present. In their flattened form and growth 
pattern these ceils resemble epithelial cells. Inter- 
cellular  spaces  may  appear  somewhat  distended 
due  to  cell  shrinkage  during  dehydration  and 
critical  point  drying.  Although  in  exponentially 
growing  populations thickening and  rounding  up 
occur  with  concomitant  accumulation  of numer- 
ous  microvilli as  cells go  into  division  (Fig.  5), 
epithelioid characteristics are evident in interphase 
cells. The smoothness of the interphase cell surface 
in confluent cultures is interrupted only by small 
pits and stubby microvilli (Fig. 6). Observation of 
the  confluent  cell cultures  at  angles  of 700-90 ~ 
incident  to  the  beam  allows examination  of the 
cells from the side and confirms that they grow in 
monolayer sheets without overlapping or piling up 
(Fig. 7). 
DMBA-TCLI Cells 
The DMBA-TCLI cells show a different growth 
pattern  in  exponential  cultures  (Fig.  8)  and  in 
confluent  cultures  (Fig.  9)  than  do  the  parent 
C3H/10TI/2CL8  cells (Figs. 4  and  5).  In expo- 
nential  growth  the  transformant  cells  are  more 
pleomorphic and tend to pile up rather than grow 
over the substrate (Fig. 8). A profusion of slender 
strands  1 #m or less in diameter extends between 
adjacent  or  nearby  cells over  distances of up  to 
125  ~,m.  Microvilli and  small  blebs  are  also  in 
greater abundance on the surface of the transform- 
ants  (Fig.  8).  At  confluence  (Fig.  9),  the  trans- 
formed  cells  are  more  pleomorphic and  densely 
packed than the control cells. Slender strands, tiny 
pits, blebs, and microvilli are consistently observed 
on the cell surfaces in the confluent cultures (Fig. 
10).  Loss  of  contact  inhibition  in  the  DMBA 
transformant  can  be  demonstrated  by  an  "on 
edge"  view  achieved  by  a  high  tilt  angle.  This 
shows that  the  cultures contain  several layers of 
cells (Fig. 11), a fact not easily detected by enface 
observation  of  confluent  cultures,  and  have  a 
growth  pattern  strikingly different  from  that  of 
the confluent C3H/10TI/2CL8  cells (Fig. 7). 
DMBA  Tumor Cells 
Inoculation of the DM BA-TLC 1 cells into C3H 
mice produces fibrosarcomas. When re-established 
in tissue culture, the tumor cells assume elongate, 
fusiform, or pleomorphic shapes during logarith- 
mic  growth,  typical of growing  fibroblasts (Fig. 
12). Cell surfaces are covered with microvilli; some 
surfaces display nodular elements of varying sizes, 
and a few have small marginal ruffles. Long, thin 
cytoplasmic processes extend across wide intercel- 
lular spaces to make contact with the nearest cells, 
forming  loose  fascicles  of  the  cells  and  their 
processes. The  inclination of the cells to grow on 
their  neighbors  results  in  the  development  of 
cellular cords forming a  meshlike reticulum.  Al- 
though  this growth  characteristic remains as the 
density of the culture increases, the cell morphol- 
ogy is altered. In dense cultures, the cells grow in 
patches  several  cell  layers  thick,  overlying  one 
another  in  random  fashion (Fig.  13). There is no 
evidence of confluence even after several weeks in 
culture.  The  cells  become  flatter,  broader,  and 
more  polygonal  as  the  cultures  become  denser 
(Fig.  13).  Microvilli, blebs,  and  marginal  ruffles 
remain on the cell surface. The filamentous strands 
extending between adjacent cells are characteristic 
of DMBA tumor cells (Fig.  14).  Similar strands 
are  also  present  in the  DMBA-TCLI  cells (Fig. 
I0). 
656  THE JOURNAL OF  CELL  BIOLOGY  ￿9 VOLUME 68,  1976 FIGURE  1  (a)  C3H/10TI/2CL8  cells  grow as  a  uniform  monolayer. (b) Treatment in  vitro of the 
C3H/10T1/2CL8  cells with DMBA induces development of foci of varying  sizes and shapes. 
FIGURE  2  Cells at  the edge of a  DMBA-transformed colony are spindle shaped and grow in cordlikr 
arrangements (arrow).  Cells in the center form a multilayered dense mat.  ￿  45. 
FIGURE  3  Fibrosarcomas are produced by the inoculation of DMBA-TCLI cells into C3H mice. ￿  115. 
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Cells  transformed  in  vitro  by  treatment  with 
MCA display epithelioid characteristics similar to 
those of cells transformed with  DMBA. Morpho- 
logically, the cells are  flattened, thicker than the 
parent C3H/10TI/2CL8 cells, broad, and polygo- 
nal to  pleomorphic in  shape  both  in cultures of 
logarithmic growth  (Fig.  15)  and  in cultures of 
high density (Fig. 16). The cells grow on other cells 
in a  crisscross  fashion (Fig.  16). Small marginal 
ruffles are more common in these cells than in the 
DMBA-TCLI  cells  (Fig.  17). Blebs  and  slender 
strands  are  infrequent.  Microvilli  of  variable 
lengths and orientations and small pits or indenta- 
tions interrupt the generally smooth surface (Fig. 
17). The growth of MCA-transformed cells on top 
of one another occasionally results in piled up foci 
(Fig.  18). The cells surrounding the mound resem- 
ble those of the dense, multilayered MCA-TCLI5 
cultures, i.e., they are broad, flattened, thick cells 
(Fig. 19 a), whereas the cells composing the mound 
itself are  more rounded or fusiform in shape and 
have a greater number of microvilli (Fig.  19 b). 
DISCUSSION 
The  morphology  that  cells  adopt  in  culture de- 
pends  on  a  variety  of  factors.  Cells  in  sparse 
cultures are frequently thicker than those in dense 
cultures,  reflecting  a  relationship between  mor- 
phology and cell contact (3 I), and stage of the cell 
cycle (12, 26, 30). Variations in the composition of 
the culture medium, such as changes in pH (27, 28, 
37),  addition of dibutyryl cyclic adenosine mono- 
phosphate  to  the  medium  (27),  treatment  with 
trypsin (9,  I 1, 36), and use of fresh or conditioned 
medium (37)  can  also  affect  cell  morphology in 
vitro.  In the present study the C3H/10TI/2CL8 
cultures and the transformed cell lines were treated 
in an identical manner so  that the effect of such 
variables  would  be  negligible  when  comparing 
their surface features. 
Distinctive  changes  in  celt  morphology  and 
growth characteristics occur in the in vitro chemi- 
cally transformed cells.  The cells are  more pleo- 
morphic  or  fusiform  in shape  and their surfaces 
display  increased  numbers of microstructures in 
the form of microvilli, blebs, and ruffles. Similar 
changes have been noted in virally and spontane- 
ously transformed cells (31).  Despite these general 
similarities in the  transformed cell lines, specific 
differences in surface morphology are  associated 
with  the  individual transformants.  Microvilli  of 
variable  length  and  small  marginal  ruffles  are 
characteristic alterations of the MCA-TCLI5 cell 
surface whereas an increased number of btebs and 
numerous cytoplasmic strands extending between 
cells are typical of the DMBA-TCLI cells. 
Inoculation of the DMBA-TCLI cells into C3H 
mice and re-establishment of cells from one of the 
subsequent  tumors  in  culture  results  in  more 
extensive alteration of cell shape (compare Figs. 9 
and 13) and a moderate increase in the number of 
microvilli (compare Figs. 10 and  14). The basis of 
these changes is not known, but Glick et al. (13) 
have suggested  a  correlation between the surface 
membrane  glycopeptides  and  the  expression  of 
malignancy after  passage  of in  vitro  chemically 
transformed hamster embryo cells in vivo. Certain 
glycopeptides were detected in significant amounts 
FmuRE  4  Confluent C3H/10TI/2CL8  cells are  polygonal and  extensively flattened  with smooth 
surfaces. ￿  600. 
FIGURE 5  C3H/10TI/2CL8 cells in exponential growth, lnterphase cells are similar to those in confluent 
cultures. Numerous microvilli appear as cells round up for division, x  640. 
FIGURE 6  The surface of C3H/IOTI/2CL8  cells is relatively unadorned. Only small pits and stubby 
microvilli are present. ￿  4,000. 
FIGURE  7  Side view of C3H/10T1/2CL8 cells in confluent culture demonstrates their monolayer growth 
pattern.  ￿  1,200. 
FIGURE 8  DMBA-TCLI cells in exponential growth are distinguished from the parent C3H/IOTI/2CL8 
cells by a greater abundance of blebs of varying sizes and a profusion of slender strands extending across 
adjacent cells. Cells tend to pile up rather than grow over the substrate. ￿  720. 
FIGURE 9  DMBA-TCL1  cells in confluent culture are more pleomorphic and densely packed than the 
parent C3H/10TI/2CL8 cells. ￿  680. 
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03). 
It is the general consensus that  changes in cell 
morphology and  an  increase  in the  numbers and 
types  of  surface  microstructures  have  a  basis  in 
accompanying chemical and subsurface structural 
alterations  (I,  22,  23,  29,  31,  35),  which may be 
reflected in various cell properties such as mobility 
of  the  cell  surface,  cell-cell  contacts,  enzyme 
activity, and cell recognition (24). In this respect, it 
is  of  interest  that  the  DMBA-TCLI  cells  and 
MCA-TCLI5  cells  exhibit  alterations  in  cellular 
gangliosides  (21).  There  is  some  evidence  that 
gangliosides,  which  are  believed  to  be  primarily 
outer  membrane  components  (15),  may  be  in- 
volved  in  some  of  the  biochemical  alterations 
underlying changes  in  growth  properties and  sur- 
face  morphology  associated  with  morphological 
(10) and  malignant transformation (5, 6,  14). 
It is not yet known whether oncogenic chemicals 
and  viruses  in  general  evoke  similar  cellular  re- 
sponses involving surface alterations at some stage 
in  the  neoplastic  process.  Further  studies  with 
normal  and  transformed  cells  are  in  progress  to 
clarify  the  relationships  among  transformation, 
cellular  morphology,  and  membrane  glycolipid 
composition. 
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